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(54) Apparatus and method for controlling vehicle so as to purify exhaust emission from engine 



(57) Method and apparatus for controlling a vehicle 
so as to purity an exhaust emission from an internal 
combustion engine (1) with an exhaust-emission purify- 
ing catalyst (5) disposed in an exhaust system of the 
engine (1 ), and such that the engine (1) is brought into 
a temporary engine-stop state while a predetermined 
vehicle condition is satisfied, wherein the engine (1) is 
operated for heating the catalyst (5), when a tempera- 
ture of the catalyst (5) has been lowered below a pre- 
determined lower limit threshold (Tcc1), even while the 
predetermined vehicle condition is still satisfied. The 
catalyst (5) maintains an exhaust-emission purifying 
ability at a temperature above the lower limit threshold. 
When the catalyst temperature has been raised to a pre- 
determined upper limit threshold (Tcc2), as a result of 
the engine operation, the engine (1) is restored to the 
temporary engine-stop state if the predetermined con- 
dition is still satisfied. The present method and appara- 
tus permit the catalyst temperature to be held at a level 
higher than the activation lower limit (Tcc1), while mini- 
mizing the reduction of an effect of the temporary engine 
stop in an economy-running-system vehicle or hybrid 
vehicle. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an apparatus 
and a method for controlling a vehicle such that an in- 
ternal combustion engine of the vehicle is controlled so 
as to reduce harmful exhaust gas components to be 
emitted into the atmosphere. 

2. Description of Related Art 

[0002] Internal combustion engines (hereinafter re- 
ferred to as "engine") of recent design for automotive or 
other vehicles are equipped in their exhaust system with 
a catalytic converter incorporating a catalyst such as a 
three-way catalyst, which is capable of inducing mutual 
reaction of harmful components NOx, HC and CO con- 
tained in an exhaust gas emission from the engines, to 
convert those harmful components into non-harmful 
components N 2 , C0 2 and H 2 0, for the purpose of pre- 
venting the harmful components from being released in- 
to the atmosphere, to meet a need of protecting the at- 
mospheric environment. Such a catalyst (hereinafter re- 
ferred to as "exhaust-emission purifying catalyst", 
where appropriate) for purifying the exhaust gas emis- 
sion from the engines does not become active until the 
catalyst has been sufficiently wanned up by the exhaust 
gas up to a temperature not lower than a certain activa- 
tion threshold. In a conventional automotive vehicle, the 
engine is inevitably operated with its catalyst held in a 
non-active state for some time immediately after the 
starting of the engine in a cold state to start running the 
vehicle. Usually, the engine is kept in the operated state 
once the vehicle running is started, so that a problem of 
the engine operation with its catalyst in its non-active 
state is encountered for only a relatively short time im- 
mediately after the starting of the vehicle running. 
[0003] However, economy-running-system vehicles 
and hybrid vehicles are attracting more and more atten- 
tion, in viewof the recent growing requirement for saving 
fuel resources as well as the protection of the atmos- 
pheric environment. The economy-running-system ve- 
hicles are arranged to temporarily stop the engine upon 
stopping of the running vehicle due to stop signals or a 
traffic jam. The hybrid vehicles are adapted to selective 
use an engine and an electric motor as the drive power 
source, as needed depending upon the specific running 
condition of the vehicle. In these economy-running-sys- 
tem vehicle and hybrid vehicles, the engine may be tem- 
porarily stopped according to an economy-running con- 
trol or hybrid control, before the exhaust-emission puri- 
fying catalyst has been sufficiently warmed up after the 
starting of the engine in a cold state. In this case, the 
warming-up of the exhaust-emission purifying catalyst 
is interrupted, leading to a risk of continued operation of 



the engine with the catalyst held in the cold non-active 
state. To solve this drawback with the economy-running 
system vehicles and hybrid vehicles, it has been pro- 
posed to inhibit the temporary stopping of the engine if 
s the temperature of the exhaust-emission purifying cat- 
alyst has not been raised up to a predetermined lower 
limit, as disclosed in JP-A-58-67940 and JP-A- 
2000-97063. 

[0004] According to the proposed described above, 
10 the exhaust-emission catalyst can be warmed up to a 
temperature not lower than the activation threshold, ow- 
ing to the inhibition of the temporary stop of the engine 
unuhthe.C£italyst has been sufficiently wanned up. Once 
the temperature of the catalyst has been raised to the 
15 activation threshold, however, the engine may be again 
temporarily stopped according to the economy-running 
control or hybrid control, and the temperature of the cat- 
alyst may be lowered down to the activation threshold, 
if the duration of the temporary stop of the engine is rel- 
atively long. Namely, there still exists a risk that the tem- 
porary stop of the engine for a long time causes a grad- 
ual drop of the catalyst temperature down to the activa- 
tion threshold or lower. 

[0005] There is also known HC-emission preventing 
means including an HC adsorbent which is accommo- 
dated in a container disposed upstream of the catalytic 
converter accommodated in another container, or ac- 
commodated in the container of the catalytic converter 
such that a layer of the HC adsorbent is superposed on 
a layer of the three-way catalyst. The HC adsorbent of 
the HC-emission preventing means temporarily adsorbs 
and holds HC to be emitted in a large amount immedi- 
ately after the starting of the engine, until the exhaust- 
emission purifying catalyst has been sufficiently 
warmed up and become active. After the catalyst has 
become active as a result of the warming-up of the cat- 
alytic converter, the catalyst functions to remove the HC 
that is released due to a loss of the HC adsorption ability 
of the HC adsorbent which has been heated by the ex- 
haust gas emitted from the engine. Where the temper- 
ature of the HC oxidizing catalyst is lowered to a point 
slightly lower than its activation threshold due to a tem- 
porary stop of the engine, subsequent re-starting of the 
engine may cause the temperature of the HC adsorbent 
of the HC-emission preventing means to become higher 
than an upper limit above which the HC adsorbent is not 
capable of adsorbing the HC, while the HC oxidizing cat- 
alyst is still in a non-active state. Thus, there may arise 
an undesirable situation in which both of the HC adsorb- 
ent and the HC oxidizing catalyst are both in the non- 
active state, causing the HC to be emitted into the at- 
mosphere. 

SUMMARY OF THE INVENTION 

[0006] The present invention was made in view of the 
drawback discussed above. It is therefore a first object 
of the present invention to provide a method of control- 
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ling a vehicle, which is improved to minimize the above- 
described problems associated with a temporary stop 
of an engine of an economy-running-system vehicle or 
a hybrid vehicle and a consequent change of the tem- 
perature of an exhaust-emission purifying catalyst of the s 
engine. 

[0007] A second object of the invention is to provide 
an apparatus for controlling a vehicle, which is improved 
to minimize the problems indicated above. 
[0008] The first object indicated above may be 
achieved according to a first aspect of the present in- 
vention, which provides a method of controlling a vehicle 
including an internal combustion engine such that the 
internal combustion engine is controlled so as to purify 
an exhaust emission from the internal combustion en- 
gine with an exhaust-emission purifying catalyst dis- 
posed In an exhaust system of the Internal combustion 
engine, and such that the engine is brought into a tem- 
porary engine-stop state while a predetermined condi- 
tion of the vehicle is satisfied, characterized in that the 
internal combustion engine is operated when a temper- 
ature of the exhaust-emission purifying catalyst has 
been lowered below a predetermined lower limit thresh- 
old, even while the predetermined condition of the vehi- 
cle is still satisfied, the catalyst maintaining an exhaust- 
emission purifying ability at a temperature above the 
predetermined lower limit threshold. 
[0009] The second object indicated above may be 
achieved according to a second aspect of the invention, 
which provides an apparatus for controlling a vehicle in- 
cluding an internal combustion engine such that the in- 
ternal combustion engine is controlled so as to purify an 
exhaust emission from the internal combustion engine 
with an exhaust-emission purifying catalyst disposed in 
an exhaust system of the engine, and such that the en- 
gine is brought into a temporary engine-stop state while 
a predetermined condition of the vehicle is satisfied, 
characterized by comprising a controller operable to op- 
erate the internal combustion engine when a tempera- 
ture of the exhaust-emission purifying catalyst has been 
lowered below a predetermined lower limit threshold, 
even while the predetermined condition of the vehicle is 
still satisfied, the catalyst maintaining an exhaust-emis- 
sion purifying ability at a temperature above the prede- 
termined lower limit threshold. 

[0010] The vehicle control method and apparatus of 
the present invention described above are arranged to 
operate the internal combustion engine, even while the 
predetermined condition of the vehicle is still satisfied, 
if the temperature of the exhaust-emission purifying cat- 
alyst has been lowered below the predetermined lower 
limit threshold above which the catalyst maintains the 
exhaust-emission purifying ability. According to the 
present vehicle control method and apparatus, there- 
fore, the internal combustion engine is operated to pre- 
vent an excessive drop of the temperature of the catalyst 
due to the temporary stop of the engine according to the 
economy-running control or hybrid control, for thereby 



preventing a loss of the exhaust-emission purifying abil- 
ity of the catalyst due to such an excessive temperature 
drop of the catalyst. 

[0011] It is also noted, in particular, that the present 
vehicle control method and apparatus prevent the tem- 
perature drop of the exhaust-emission purifying catalyst 
slightly below the activation lower limit, it is possible to 
avoid an undesirable situation in which the exhaust- 
emission purifying catalyst and an HC adsorbent if used 
in combination of the catalyst are both unable to func- 
tion. 

[0012] According to one preferred form of the method 
and apparatus of the present invention, the internal 
combustion engine is restored to the temporary engine- 
stop state, if the predetermined condition of the vehicle 
is still satisfied, when the temperature of the exhaust- 
emission purifying catalyst has been raised to a prede- 
termined upper limitthreshold higherthan the lower limit 
threshold, as a result of the operation of the internal 
combustion engine while the predetermined condition 
of the vehicle is satisfied. 

[0013] According to another preferred form of the 
method and apparatus of this invention, the operation 
of the internal combustion engine after being restarted 
while the predetermined condition of the vehicle is sat- 
isfied is controlled so as to effectively heat the exhaust- 
emission purifying catalyst. 

[0014] In one advantageous arrangement of the pre- 
ferred form of the method and apparatus described just 
above, the operation of the internal combustion engine 
while the predetermined condition of the vehicle is sat- 
isfied is effected with a delayed ignition timing of the en- 
gine, to promote the heating of the exhaust-emission pu- 
rifying catalyst. 

[0015] The vehicle control method and apparatus of 
this invention are suitably applicable to an economy- 
running-system vehicle or a hybrid vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The above and other objects , features, advan- 
tages, and technical and industrial significance of this 
invention will be better understood by reading the fol- 
lowing detailed description of a presently preferred em- 
bodiment of the invention, when considered in connec- 
tion with the accompanying drawings, in which: 

Fig. 1 is a diagrammatic time chart showing an ex- 
ample of a change of the temperature of a catalyst 
when a vehicle is controlled according to the princi- 
ple of the present invention; 

Fig. 2 is a graph showing changes of HC adsorption 
ability of an HC adsorbent and HC removing ability 
of an HC oxidizing catalyst such as a three-way cat- 
alyst, with the temperatures of the HC adsorbent 
and HC oxidizing catalyst, or with a time lapse after 
starting of the engine in a cold state; 
Fig. 3 is a flow chart illustrating an engine control 
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routine for controlling the engine so as to purify the 
exhaust emission from the engine, according to one 
embodiment of a vehicle control apparatus of this 
invention; and 

Fig. 4 is a schematic view of a hybrid vehicle to 
which one embodiment of the vehicle control appa- 
ratus is adopted. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0017] Referring to the flow chart of Fig. 3, there is 
illustrated the engine control routine executed according 
to one embodiment of the present invention, to control 
an engine of an automotive vehicle for a time period be- 
tween two points of time t2 and t4 and a time period be- 
tween two points of time t4 and t6, during a running of 
the vehicle, as indicated in Fig. 1. This engine control 
routine is executed according to an engine control pro- 
gram which is stored, together with various other control 
programs, in a vehicle control apparatus including a mi- 
crocomputer (not shown) well known in the art of con- 
trolling an economy-running-system vehicle or a hybrid 
vehicle. This engine control routine is initiated when the 
vehicle control apparatus is turned on. 
[001 8] As one example, a hybrid vehicle to which one 
embodiment of the vehicle control apparatus is adopted 
is schematically shown in Fig. 4. In this case, the hybrid 
vehicle has an internal combustion engine (hereinafter 
referred to as "engine") 1 and two electric motors 2 and 
2'. A driving power of the engine 1 and/or the electric 
motors 2, 2' is transmitted to a wheel 8 via a drive system 
3 and a driveshaft 7. Here, the motor 2 mainly functions 
as an electric generator and the motor 2' mainly func- 
tions as an electric motor. 

[0019] The engine control routine is initiated with step 
S10 to read in various kinds of data used to control the 
engine 1, such as an engine operation command and a 
temperature Tec of the exhaust-emission purifying cat- 
alyst (HC oxidizing catalyst 5 is shown as the exhaust- 
emission purifying catalyst in Fig. 4). Then, step S20 is 
implemented to determine whether or not a temporary 
engine-stop command is present. If an affirmative deci- 
sion (YES) is obtained in step S20, the control flow goes 
to step S30 to determine whether a flag F is set at "1 **. 
This flag is initially reset to "0" and is set to "1" in step 
S70 (described below), so that a negative decision (NO) 
is obtained in step S30 immediately after the initiation 
of the present routine, and the control flow goes to step 
S40. 

[0020] Step S40 is provided to determine whether the 
temperature Tec of the exhaust-emission purifying cat- 
alyst 5 is equal to or higher than a predetermined lower 
limit threshold Tcc1 , which is slightly higher than an ac- 
tivation lower limit TccO above which the catalyst 5 is 
active. If an affirmative decision (YES) is obtained in 
step S40, it indicates that a control of the engine 1 ac- 
cording to the present engine control routine is not pres- 



ently necessary. In this case, the control flow immedi- 
ately returns back to step S1 0 in which updated data are 
read in. If a negative decision (NO) is obtained in step 
S40 } the control flow goes to step S50. 

5 [0021] Step S50 is provided to disconnect the engine 
1 from the other part of the drive system 3 (shown in Fig. 
4), which includes a transmission. Step S50 is followed 
by step S60 to restart the engine 1 so that the engine 1 
is placed in an operating state. This engine operation 

10 while the temporary engine-stop command is present is 
effected not to produce a drive force for driving the ve- 
hicle, but to heatthe exhaust-emission purifying catalyst 
5 with the (exhaust gas. In view of this purpose of this 
engine operation, the engine 1 is controlled with a de- 

15 layed ignition timing, for maximizing a rise of the tem- 
perature of the exhaust gas while reducing the drive 
force. In this sense, the engine operation in the pres- 
ence of the temporary engine-stop command is referred 
to as "heating operation of the engine", where appropri- 
ate ate. Then, the control flow goes to step S70 to set the 
flag F to "1", and returns back to step S10. 
[0022] After step S70 is implemented, the flag F is set 
at "I", so that an affirmative decision (YES) is obtained 
in step S30, and the control flow goes to step S80 to 

25 determine whether the temperature Tec is equal to or 
higher than a predetermined upper limit threshold Tcc2 
which is determined to provide an optimum compromise 
between the frequency and time duration of the heating 
operation of the engine 1 . If a negative decision (NO) is 

30 obtained in step S80, the control flow returns back to 
step S10. Thus, the heating operations of the engine 1 
are effected during a time period between two points t2 
and t4 and a time period between two points t4 and t5, 
as indicated in Fig. 1 , by repeated implementation of 

35 steps S1 0, S20, S30 and S80. 

[0023] When the temperature of the exhaust-emis- 
sion purifying catalyst 5 has reached the upper limit 
threshold Tcc2 as a result of the heating operation of the 
engine 1 to heat the catalyst 5, an affirmative decision 

40 (YES) is obtained in step S80, and the control flow goes 
to step S90 to stop the engine 1 , for restoring the engine 
1 to the temporary engine-stop state. Step S100 is then 
implemented to re-connect the engine 1 to the other part 
of the drive system 3, that is, to cancel the disconnection 

45 of the engine 1 effected in step S50. Then, the control 
flow goes to step S11 0 to reset the flag F to "0". 
[0024] When the temporary engine-stop command is 
removed at any point of time during the present engine 
control routine, a negative decision (NO) is obtained in 

so step S20, and the control flow goes to step S1 20 to de- 
termine whether the flag is set at °1 M . If the engine 1 is 
in the heating operation to heat the catalyst 5, the flag 
F1 is set at u 1 In this case, the control flow goes to step 
S1 00 to re-connect the engine 1 to the other oart of the 

55 drive system 3, and to step S110 to reset the flag F to 
"0". When the engine 1 is in normal operation in the ab- 
sence of the temporary engine-stop command, the neg- 
ative decision (NO) is obtained in both of the steps S20 
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and S120. In this case, the heating operation of the en- 
gine 1 is not effected. 

[0025] Referring to the diagrammatic time chart of Fig. 
1 , there will be described effects and advantages of the 
engine control routine according to the present embod- 
iment which has been discussed above by reference to 
the flow chart of Fig. 3. In the example of Fig. 1 , a tem- 
porary engine-stop command is generated to temporar- 
ily stop the engine at a point of time t1 according to the 
economy-running control or hybrid control when the ve- 
hicle is stopped at a traffic signal after starting of the 
vehicle with the engine 1 held in a cold state. Immedi- 
ately before the point of time t1 , the temperature of the 
exhaust-emission purifying catalyst such as a three-way 
catalyst 5 disposed in the exhaust system of the engine 
was in the process of a relatively slow rise, and the tem- 
perature at the point of time t1 is sufficiently higher than 
the activation lower limit TccO above which the catalyst 
5 is capable of performing its intended exhaust-emis- 
sion purifying function. 

[0026] However, the temporary stop of the engine 1 
at the point of time t1 will initiate a drop of the tempera- 
ture Tec of the exhaust-emission purifying catalyst 5, 
and the continuation of the temporary stop of the engine 
1 will cause the temperature Tec to be gradually lowered 
down to a level close to the activation lower limit TccO. 
However, the present embodiment is arranged to initiate 
a heating operation of the engine 1 at the point of time 
t2, that is, when the temperature Tec has been lowered 
to the predetermined lower limit threshold Tcc1 slightly 
higher than the activation lower limit TccO, even in the 
presence of the temporary engine-stop command, so 
that the engine 1 is operated for the purpose of main- 
taining the active state of the exhaust-emission purifying 
catalyst 5. This heating operation of the engine 1 for 
maintaining the catalyst 5 in the active state in the pres- 
ence of the temporary engine-stop command is control- 
led by a suitable known engine control device (not 
shown), preferably in a manner suitable for heating the 
exhaust-emission purifying catalyst 5, that is, so as to 
effectively raise the temperature of the exhaust gas 
while restricting the drive force of the engine 1 , for in- 
stance, by retarding the ignition timing of the engine 1. 
[0027] During the heating operation of the engine 1 , 
the temperature Tec of the exhaust-emission purifying 
catalyst 5 rises to the upper limit threshold Tcc2 at a 
point of time t3 a certain time after the point of time t2. 
At this point of time t3, the engine 1 is restored to the 
temporary engine-stop state if the temporary engine^ 
stop command is still present By suitably selecting the 
upper limit threshold Tcc2 at which the heating operation 
of the engine 1 is terminated, it is possible to assure a 
sufficient effect of the economy-running control or hybrid 
control for protection of the atmospheric environment 
and saving of the fuel resources, by minimizing the heat- 
ing operation of the engine 1 for heating the exhaust- 
emission purifying catalyst 5 in the presence of the tem- 
porary engine-stop command, while avoiding the non- 



active state of the catalyst 5. In the example of Fig. 3, 
the termination of the heating operation of the engine 1 
at the point of time t3 causes a subsequent drop of the 
temperature Tec of the catalyst 5, eventually down to the 
5 lower limit threshold Tcc1 at the point of time t4 at which 
the temporary engine-stop command is still present. 
Consequently, the heating operation of the engine 1 is 
again initiated at the point of time t4, and is terminated 
at a point of time t5 so that the engine 1 is restored to 

10 the temporary engine-stop state. The temporary stop is 
terminated to resume a normal operation of the engine 
1 upon removal of the temporary engine-stop command 
at the point of time t6, namely, upon generation of a nor- 
mal engine-operation command at the point of time t6. 

is [0028] Thus, the present engine control routine pre- 
vents a drop of the temperature Tec of the exhaust-emis- 
sion purifying catalyst 5, into a temperature range just 
below the activation lower limit TccO above which the 
catalyst 5 remains in an active state. 

20 [0029] The HC adsorption ability of an HC adsorbent 
4 and the HC removing ability of the exhaust-emission 
purifying cataiyst 5 (which is an HC oxidizing catalyst 
such as a three-way catalyst) change with a change of 
the temperatures of the HC adsorbent 4 and the catalyst 

25 5, as shown in the graph of Fig. 2 in which the HC ad- 
sorption ability and HC removing ability are taken along 
the ordinate while the temperatures is taken along the 
abscissa. After the engine 1 is stated in a cold state, the 
HC adsorbent 4 and the HC oxidizing catalyst 5 are 

30 heated by the exhaust gas emitted from the enginel, and 
their temperatures are gradually raised with the time. 
Therefore, the temperatures taken along the abscissa 
in the graph of Fig. 2 may be replaced by the time which 
has passed after the starting of the engine 1 in the cold 

35 sate. As is apparent from the graph, the HC adsorption 
ability of the HC adsorbent 4 decreases with the tem- 
perature or time while the HC removing ability of the HC 
oxidizing catalyst 5 increases with the temperature or 
time. These decrease and increase of the HC adsorp- 

40 tion ability and HC removing ability are represented by 
respective curves, which intersect each other at a given 
temperature or at a given point of time, as indicated in 
Fig. 2. Within a temperature range which includes atem- 
perature corresponding to the point of intersection of the 

45 two curves and the upper and lower limits of which are 
slightly lower and higher than the temperature corre- 
sponding to the intersection point, the HC adsorption 
ability of the HC adsorbent 4 to adsorb the HC is not 
sufficiently high, while at the same time the HC removing 

so ability of the HC oxidizing catalyst 5 to remove the HC 
released from the HC adsorbent 4 is not yet sufficiently 
high, either. The upper limit of the above-indicated tem- 
perature range is defined by the activation lower limit 
TccO of the exhaust-emission purifying catalyst 5 (HC 

55 oxidizing catalyst 5). The temperature of the catalyst 5 
is required to pass this temperature range and exceed 
the activation lower limit TccO, in a short time after start- 
ing of the engine 1 in a cold state, and should not be 
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lowered back into this range after it has been raised 
above the activation lower limit TccO. The principle of 
the present invention lies in the prevention of the tem- 
perature drop back into the above-indicated tempera- 
ture range during the temporary stop of the engine 1 . 
[0030] The frequency of the heating operation of the 
engine 1 for maintaining the temperature of the exhaust- 
emission purifying catalyst 5 at a level higher than the 
activation lower limit TccO (lower limit threshold Tcc1 ) in 
the presence of the temporary engine-stop command 
decreases with an increase of the upper limit threshold 
Tcc2 at which the heating operation of the engine 1 
(which has been initiated when the temperature Tec of 
the catalysts has been lowered to the lower limit thresh- 
old Ted) is terminated. On the other hand, the effect of 
the economy-running control or hybrid control decreas- 
es to a large extent with the increase of the upper limit 
threshold Tcc2. In this respect, the lower limit threshold 
Tcc1 and the upper limit threshold Tcc2 are determined 
so as to provide a maximum overall result relating to the 
purification of the exhaust emission of the engine 1 and 
the saving of the fuel resources, that is, so as to provide 
an optimum compromise between the two mutually in- 
compatible requirements, that is. an expected effect of 
the heating operation of the engine 1 and an expected 
effect of the economy-running control or hybrid control. 
[0031] The duration of the heating operation of the en- 
gine 1 for heating the exhaust-emission purifying cata- 
lyst 5 in the presence of the temporary engine-stop com- 
mand under a predetermined condition of the vehicle 
can be shortened by controlling the heating operation of 
the engine 1 so as to effectively heat the catalyst 5, by 
retarding the ignition timing, for instance. That is, the 
time period between the points of time t2 and t3 and the 
time period between the points of time t4 and t5 can be 
shortened by controlling the heating operation of the en- 
gine 1 as described above, minimizing the amount of 
reduction of the effect of the economy-running control 
or hybrid control due to the heating operation of the en- 
gine 1 to maintain the catalyst 5 in the active state. 
[0032] Method and apparatus for controlling a vehicle 
so as to purify an exhaust emission from an internal 
combustion engine 1 with an exhaust-emission purifying 
catalyst 5 disposed in an exhaust system of the engine 
1 , and such that the engine 1 is brought Into a temporary 
engine-stop state while a predetermined vehicle condi- 
tion is satisfied, wherein the engine 1 is operated for 
heating the catalyst 5, when a temperature of the cata- 
lyst 5 has been lowered below a predetermined lower 
limit threshold Tcc1 , even while the predetermined ve- 
hicle condition is still satisfied. The catalyst 5 maintains 
an exhaust-emission purifying ability at a temperature 
above the lower limit threshold. When the catalyst tem- 
perature has been raised to a predetermined upper limit 
threshold Tcc2, as a result of the engine operation, the 
engine 1 is restored to the temporary engine-stop state 
if the predetermined condition is still satisfied. The 
present method and apparatus permit the catalyst tem- 



perature to be held at a level higher than the activation 
lower limit Tcc1 , while minimizing the reduction of an ef- 
fect of the temporary engine stop in an economy-run- 
ning-system vehicle or hybrid vehicle. 

5 [0033] While the presently preferred embodiment of 
this invention has been described by reference to the 
accompanying drawings, it is to be understood that the 
invention is not limited to the details of the preferred em- 
bodiment. To the contrary, the invention is intended to 

w cover various modifications and equivalent arrange- 
ments. In addition, while the various elements of the pre- 
ferred embodiment are shown in various combinations 
and configurations, which are exemplary, other combi- 
nations and configurations, including more, less or only 

'5 a single element, are also within the spirit and scope of 
the invention. 

APPARATUS AND METHOD FOR CONTROLLING 
VEHICLE SO AS TO PURIFY EXHAUST EMISSION 
20 FROM ENGINE 

[0034] Method and apparatus for controlling a vehicle 
so as to purify an exhaust emission from an internal 
combustion engine (1) with an exhaust-emission purify- 
ing catalyst (5) disposed in an exhaust system of the 
engine (1), and such that the engine (1) is brought into 
a temporary engine-stop state while a predetermined 
vehicle condition is satisfied, wherein the engine (1) is 
operated for heating the catalyst (5), when a tempera- 
ture of the catalyst (5) has been lowered below a pre- 
determined lower limit threshold (Ted), even while the 
predetermined vehicle condition is still satisfied. The 
catalyst (5) maintains an exhaust-emission purifying 
ability at a temperature above the lower limit threshold. 
When the catalyst temperature has been raised to a pre- 
determined upper limit threshold (Tcc2), as a result of 
the engine operation, the engine (1) is restored to the 
temporary engine-stop state if the predetermined con- 
dition is still satisfied. The present method and appara- 
tus permit the catalyst temperature to be held at a level 
higher than the activation lower limit (Tcc1), while mini- 
mizing the reduction of an effect of the temporary engine 
stop in an economy-running-system vehicle or hybrid 
vehicle. 



Claims 
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30 
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40 



45 



1 . A method of controlling a vehicle including an inter- 
so nal combustion engine (1) such that the internal 
combustion engine is controlled so as to purify an 
exhaust emission from the internal combustion en- 
gine (1) with an exhaust-emission purifying catalyst 
(5) disposed in an exhaust system of the internal 
55 combustion engine (1), and such that the internal 
combustion engine (1) is brought into a temporary 
engine-stop state while a predetermined condition 
of the vehicle is satisfied, characterized in that the 
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internal combustion engine (1) is operated when a 
temperature of the exhaust-emission purifying cat- 
alyst (5) has been lowered below a predetermined 
lower limit threshold (Tcc1), even while said prede- 
termined condition of the vehicle is still satisfied, the 5 
catalyst (5) maintaining an exhaust-emission puri- 
fying ability at a temperature above said predeter- 
mined lower limit threshold (Ted). 

2. A method according to claim 1, characterized in 10 
that when the temperature of the exhaust-emission 
purifying catalyst (5) has been raised to a predeter- 
mined upper limit threshold (Tcc2) higher than the 
lower limit threshold (Ted), as a result of the oper- 
ation of the internal combustion engine (1) while is 
said predetermined condition of the vehicle is sat- 
isfied, the internal combustion engine (1 ) is restored 

to the temporary engine-stop state If the predeter- 
mined condition of the vehicle is still satisfied. 

20 

3. A method according to claim 1 or 2, characterized 
in that the operation of the internal combustion en- 
gine (1) while said predetermined condition of the 
vehicle is satisfied is controlled so as to effectively 
heat said exhaust-emission purifying catalyst (5). 25 

4. A method according to claim 3, characterized in 
that the operation of the internal combustion engine 
(1) while said predetermined condition of the vehi- 
cle is satisfied is effected with a delayed ignition tim- 30 
ing of the engine (1), to promote the heating of the 
exhaust-emission purifying catalyst (5). 

5. A method according to any one of claims 1 -4, char- 
acterized in that said vehicle is an economy-run- 35 
ning-system vehicle or a hybrid vehicle, 

6. An apparatus for a vehicle including an internal 
combustion engine (1) such that the internal com- 
bustion engine (1) is controlled so as to purify an 40 
exhaust emission from the internal combustion en- 
gine (1 ) with an exhaust-emission purifying catalyst 

(5) disposed in an exhaust system of the internal 
combustion engine (1), and such that the interna! 
combustion engine (1) is brought into a temporary 45 
engine-stop state while a predetermined condition 
of the vehicle is satisfied, characterized by com- 
prising a controller operable to operate the internal 
combustion engine (1) when a temperature of the 
exhaust-emission purifying catalyst (5) has been so 
lowered below a predetermined lower limit thresh- 
old (Tcc1 ), even while said predetermined condition 
of the vehicle is still satisfied, the catalyst (5) main- 
taining an exhaust-emission purifying ability at a 
temperature above said predetermined lower limit ss 
threshold (Tcc1). 

7. An apparatus according to claim 6, characterized 



in that said controller is operable to restore the in- 
ternal combustion engine (1) to said temporary en- 
gine-stop state if said predetermined condition of 
the vehicle is still satisfied, when the temperature 
of the exhaust-emission purifying catalyst (5) has 
been raised to a predetermined upper limit thresh- 
old (Tcc2) higher than the lower limit threshold 
(Ted), as a result of the operation of the internal 
combustion engine (1) while the predetermined 
condition of the vehicle is satisfied. 

8. An apparatus according to claim 6 or 7, character- 
ized in that said controller is operable to control the 
operation of the internal combustion engine (1) 
whiie said predetermined condition of the vehicle is 
satisfied, such that the operation of the internal 
combustion engine (1) is effective to heat said ex- 
haust-emission purifying catalyst (5). 

9. An apparatus according to claim 8, characterized 
in that said controller is operable to control the op- 
eration of the internal combustion engine (1) while 
said predetermined condition of the vehicle is sat- 
isfied, such that the internal combustion engine (1) 
is operated with a delayed ignition timing, to pro- 
mote the heating of the exhaust-emission purifying 
catalyst (5). 

10. An economy-run ning-system vehicle provided with 
an apparatus according to any one of claims 6-9. 

11. An economy-running-system vehicle according to 
claim 10, wherein said apparatus comprises the 
controller as recited in claim 7. 

12. A hybrid vehicle provided with an apparatus accord- 
ing to any one of claims 6-9. 

13. A hybrid vehicle according to claim 12, wherein said 
apparatus comprises the controller as recited in 
claim 7. 
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